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RESEARCH MEMORANDUM

CHORDWISE PRESSURE DISTRIBUTION AT HIGH SUBSONIC SPEEDS
NEAR MIDSEMISPAN OF A TAPERED 35° SWEPTBACK WING OF
ASPECT RATIO 4 HAVING NACA 654006 AIRFOIL SECTIONS

AND EQUIPPED WITH VARIOUS SPOILER AILERONS

By Alexander D. Hammond and Barbara M. McMullan
SUMMARY

An investigation was made in the lLangley high-speed T- by 10-foot
tunnel through a Mach number range from 0.60 to 0.93 to determine the
effects on the chordwise pressure distributions of projecting various
spoiler-type ailerons on a swept wing. The semispan 35° sweptback wing
had an NACA 65A006 airfoil section, an aspect ratio of 4, and a taper
ratio of 0.6.

The results of the investigation are presented as curves of chord-
vise pressure distributions nesr the midspan of the spoilers (0.46-wing-
semispan station).

INTRODUCTION

The use of spoiler-type ailerons for lateral control has been the
subJect of & number of Investigations at both low and high speed. These
investigations have for the most part dealt with force measurements to
determine the effects of various spoller configurations on the charac-
teristics of both swept and unswept wings. There is, however, very little
information concerning the serodynamic loads on swept wings equipped with
gpoiler-type controls at high subsonlic speeds. In order to obtain some
information on such loads and dn the flow in the wvlcinity of the spoiler
on swept wings, chordwise pressure measurements have been made at one
spanwise location on the upper and lower surfacegs of a 35° sweptback
semispan wing equipped with various spoiler-type controls in the Langley
high-speed T- by 1lO0-foot tunnel.

For these tests a solid plug—type spoiller alleron was projected
various heights from 3 percent of the local wing chord below the lower
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wing surface to 4 percent of the local wing chord above the upper wing

surface.

The tests were made at Mach numbers from 0.60 to 0.93 for an

angle-of-attack range from 0° to 20°. In addition three fingered-type
spoller-alleron configurations and a perforsted plug-type-spoiler aileron
were investigated at a projection of 4 percent of the local wing chord
. above the wing surface through the same angle-of—attack and Mach number

range.

SYMBOLS

Mach number

P -
pressure coefficient <_l___%>
q

free-stream static pressure, 1lb/sq ft—
local static pressure, 1lb/sq ft
stmospheric pressure

critical -pressure coefflcient, that 1s, the pressure coefflcient

0.528p, - p)

corresponding to the local velocity of sound (
q

free-stream dynamic pressure, 1lb/sq £t~

angle of attack, deg

i 2b/z2
mean aerodynamic chord of wing, 1.020 ft— EJF c dy
0

twice wing area of semispan model, 4.00 sq ft

wing span, ft-
local éhOra, i o

chordwlse coordinate, parallel to plane ofgsymmetry of the pres-
sure orifice, ft

spanwise distance from plene of symmetry, It

R
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A angle of sweep of the quarter-chord line, deg

Ss projection of spoiler (projections below lower wing surface are
positive), percent ¢

APPARATUS AND MODEL

The model used in thils investigation was a semispan sweptback-wing
model mounted vertically in the Langley high-speed T- by 10-foot tunnel
with the ceiling serving as a reflection plane,.

The geometric characteristics and dimensions of the wing are shown
in figure 1. The wing was mede of steel and had 35° of sweepback of the
quarter-chord line, an aspect ratio of 4, a taper ratio of 0.6, and had
no twist or dihedral. The wing had NACA 65A006 airfoil sections parallel
to free stream.

The pressure orifices were located on the upper and lower surfaces
of .the chordwise section st the L6-percent-semispan station which corre--
sponds to approximastely the midspan of the various spoiler configurations
investigated. The chordwise positions of the orifice are listed in
table I.

The spoiler configurations investigated (fig. 2 and table II) are
as follows:
' i A Y
(a) Configurations A, B, and C - A fingered spoiler alleron pro-
jected -0.0kc (gap unsealed) '

(b) Configurations E, ¥, G, H, and J - A solid plug-type spoiler
slleron projected -0.0lc, -0.02c, -0.03c, =-0.0hc, and 0.03c,
respectively (gap unsealed)

(c) Configuration K - A perforated plug-type spoller aileron pro-
jected -0.0kc (gap unsealed)

(d) Configurations L and D - The plain wing, gap around spoller
sealed and unsealed, respectively

TESTS

All the tests were made iIn the Langley high-speed T- by 10-foot
tunnel, The various spoilér configurations were Investigated through
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the Mach number range from 0.60 to 0,93 &t angles of attack from 0° to
20°. The Reynolds number varied from about 3.1 x 10° at—M = 0.60 to
about 4.0 X 106 at—“M = 0.93 when based or_ the wing mean aerodynamic -
chord. h ' | ' T

PRESENTATION OF THE DATA

Because of the Interest shown in the results of this lnvestigation,
the presgsure distributions over the various spoliler configurations-are
belng presented without discussion in order to expedite the publication
of the dats. It is felt, however, that the pressure date as presented
will be useful in the predictior of the locael chordwlise wing loadings
and in the prediction of some of the spoller loads for spoiler configu-
rations similer to those of this investigation.

The chordwise . pressure distributlons as obtalned In this investiga-
tion. on a 35° sweptback tapered wing equipped with various spoiler-aileron
configurations are presented In figures 3 to 13. Table.II lists the fig-
ure numbers Tor the data corresponding to each spoiler configuration
investigated. It should be noted that the ahngle of attack shown on the
figures has not been corrected for air-stream mlsalinement and tunnel— .
wall effects. T . o

The following discussion describesg the procedure used in obtainling
the ‘data for ther.figures as presented., Each orifice.on the upper and
lower surfaces of the wing was connected to a manometer tube whose loca-
tion relative to an arbitrary unit length of- the manometer boexrd corre-
sponded to the location of the orifice relative to the wing chord. Photo-
graphs were made of the marometer boerd and the chordwlse .pressure
distributlions were faired on blueprints made from the negatives. These
blueprints were later bleached and used f£oF the final figures. It-should
be noted therefore that the vertical scele for these plots 1s a function
of the tunnel Mach number and that the horizontal scale is, of course,
the same for gll figures.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va.

-——



NACA RM I52¢28 e 5
TABLE I )
LOCATION OF PRESSURE ORIFICES
Chordwise positions of Chordwise positions of
orifices on upper surface orifices on'lower surface
Orifice Percent chord Orifice Percent chord
1 0 1 2
2 1 2 6
3 b 3 10
1
y 8 y 21§
5 15 5 . 303
6 2 6 w2
%5 . 5
1 . 2
35§ 1 50§
8 u52 8 g2
€ 73
9 . 555 9 66
10 64 10 68
11 67 11 7
12 69 12. . 80
13 T 13 90%
1h 75 1k 983
- 1 '
1 8
> 5‘5 .
1
16 95-5



TABLE II

GEOMETRIC CHARACTERISTICS OF SPOILER CONFIGURATIONS

. Inboard Outboard | Chordwise Projection

onfiguration end end location Type Gap .| Flgure

: - | (percent b/2) | (percent b/2) | (percent c) (percent c) :
A 38 54 70 -4 Fingered | Unsealed | 11
B 38 5 -76 -h' Fingered Un;eélea 12
¢ 38._ 55 70 | -Ill. Fingered | Unsesled | 13
D 1k 98 70 0 eeeeene | Unsealed | 3
E iy 98 70 -1 Solid | Unsealed | 6
7 1 98 " 2 80114 | Unsealed | T
G 14 98 0 -3 Sol1d | Unsealed| 8
H 1k 98 70 o §011a | Unsealed 9
J 14 - 98 70 : 3 " solid | Unsealed 5
K 14 50 70 ~b Perforated | Unsealed 10
L 14 98 70 '+ J [P —— Sealed i

S RAG,
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Area 4sq ft
Aspect ratio 4
< Taper ratio 06
NACA 654006 section.

Pressure orifices.
)

\<—25 chord line.
g

70 chord line.

e

Figure l.-‘Geometric characteristics of the 35° sweptback wing equipped
with & plug-type spoiler aileron. (A1l dimensions are in inches unless
otherwise noted.)
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Figure 2.- Detalls of the various spoiler aileron configurations.
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O (Gap sealed)
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Figure 2,- Concluded,
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Upper —surface © 1.5
Lower surface & 4o, Configuration D
a4 M=60
=10 T 10
Configuration 0
g'o M=60
-5 -5 -
P r?:.—*. by —W P .
o f Y 3 o V—
5 . ]
,'0 i 1 (|l 1 L 1 l_ L 1 /'0 1 1 1 1 1 1 L td L
o 4 2 3 £ 5 6 7 8 9 0 c /4 2 3 & 5 6 7 8 9 I0
% %
-5 =45

Configuration D
a=8 M=60

Configuration D
es/2 M=60

(2)

M = 0.60.

Figure 3.- Chordwise pressure distributlon over a 35° sweptback wing,
at the 46-percent=semispan station, equipped with a plug—type spoiler

gileron.

8g = O; gap unsealed.
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-
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P
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o
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(b) M = 0.80.

Figure 3.- Continued.
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(c) M =0.90.

Figure 3.- Continued.
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Configuration O
a=4 M=93

-5
Upper swface o
Lower surface A
-0 -0
-5 ﬂa\ -5
P
o
0 0
Gonfiguration O
a0 M293 L’
-3
5 F
10 1 [l ] I 1 1 1 1 [l
o J 2 3 a s 7 8 9 ID

(d) M =0.93.

Figure 3.~ Concluded,
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-1.5 PR ER B . _ - - |
e Configuration L.~ @ .
Gonfiguration L : : : ! . - .
a=0 M=60
o 5 :
Y-
o “A/, il
VA
S e .
o 4 ! : | 1 1 R } 1O 1 L A { L L 1 L A
o /4 2 3 £ 5 6 72 8 9 Ilo 0 ! 2 3 4 5 6 7 8 9 10
% %
Upper surface o -
Lowa_r surface 4 R
-1.5 : e S e MY X- , . ) .
P Configuration L L P Configuration L. d
e [ .a=8 M=60 . o a*/® M-60 o

(a) M = 0.60,

Figure U4.- Chordwise pressure distribution over a 35° sweptback wing,

at the 46-percent-semispan station, equipped with a plug—type spoiler . ;_;;4
glleron., ®g = 0; gap sesled. . }
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a=/6 M=60

Configuration L

10

Upper surface o
Lower surface A

Configuration L
a* 20 M'.w
1 1 1 1 ! I [ 1
(7] /! 2 3 £ & 7 & 9 10

o

(a) M = 0.60. Concluded.

Figure 4.- Continued.
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Figure L.- Comtinued.
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(b) M = 0.80, Continued.

Figure 4,- Continued,
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Figure 4.~ Continued,
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(¢c) M = 0.90. Concluded.

Figure k.- Continued.
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(a) M = 0.60.

Figure 5.~ Chordwise pressure distribution over a 35° sweptback wing,
at the 46-percent-semispan station, equipped with a plug-type spoiler
aileron. ©8g = 0,03c; gep unsealed.
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Figure 5.- Continued.
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Figure 6.~ Chordwlse pressure distribution over a 35° sweptback wing,

at the %—percent—semispan station, eguipped with a plug—type spoiler
gileron, &g = -0.0lc; gap unsesled.
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Figure T.- Chordwise pressure distribution over s 35° sweptback wing,

at the 46-percent-semispan station, equipped with a plug-type spoiler
aileron, &g = ~0.02c; gap unsesled.
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